Abstract: Wireless broadband service has grown rapidly, with many local governments considering alternatives for providing such a service to their communities in order to make them more attractive to new businesses and tourists. The alternatives range from an unrestricted free market (with mixed service quality and coverage) to city-or community-sponsored service, which provides better control. The evaluation of such proposals is problematic due to the newness of the concept, which limits traditional cost-benefit analysis because of insufficient data. The system dynamics methodology is proposed for the analysis of Wi-Fi proposals in cities or local governments. The method is demonstrated with a comparison of the expected Wi-Fi performance for small and metropolitan locations, and an evaluation of safety (expected impact on crime), tourism (expected impact on visitors) and other economic benefits.
Introduction
Many cities and counties in the USA are increasingly involved in providing wireless broadband services to their communities. By September 2006, 68 city or county-wide governmental entities were operating wireless broadband networks for public access and municipal use, more than 135 cities had deployment plans for such services, and 25 cities and counties were considering wide area networks (Conhaim, 2006) .
Why do these cities (especially big cities such as San Francisco, Los Angeles, Chicago, Minneapolis, Seattle and others) and counties attempt to launch wireless broadband networks, despite political controversies? In Philadelphia, the argument was that wireless broadband networks can enhance neighbourhood economic development, help overcome the digital divide, and improve quality of life for all Philadelphians. R.T. Rybak, the Mayor of Minneapolis, stated:
"Learning from the experiences and challenges faced by other cities (e.g., Corpus Christi and Philadelphia), Minneapolis has chosen both a business model and a technology solution that ensure immediate, ongoing, and sustainable benefits to our citizens, visitors, municipal workers and public safety personnel." (City of Minneapolis, 2006) Proponents believe that providing wireless infrastructure is not only economically feasible in the short term based on simple cost/benefit analysis but also can foster the local economy in the long run by providing values such as attracting more businesses to the community, promoting entrepreneurship, attracting more visitors and tourists, etc.
There are many different perspectives with respect to wireless broadband network business plans. Local government officials have wondered how sustainable benefits of municipal wireless broadband networks can be estimated. Benefits from wireless broadband networks for citizens, visitors, municipal workers, and public safety personnel involve high levels of uncertainty. Opponents to the municipal Wi-Fi business have generally questioned the value of the local government's entry into the market based on arguments that it distorts the role of competitive markets such that private investors and service providers will be discouraged from entering unfair and inefficient markets . Moreover, opponents claim that Wireless Wide Area Network (WWAN) technology is still evolving at the speed of light and many competing technologies such as Wi-Max, Wi-Bro, and 3G mobile services are appearing in the market, raising doubts about the potential success of municipal Wi-Fi projects . Considering the dynamics of the market and the underlying technology, they argue that the municipal Wi-Fi projects are not economically feasible, even with respect to the perspective of municipal electric utilities.
Considering these divergent perspectives on wireless broadband network municipalisation, the main purpose of this paper is to analyse whether municipalisation of public wireless networks can lead to plausible benefits to all stakeholders. Our analysis utilises system dynamics simulation. Additionally, we will examine the Wi-Fi project feasibility across different size municipalities. For this purpose, we distinguish between the metropolitan-level municipal projects from small county-level projects even though local governments claim substantially similar economic or social benefits would be derived from their Wi-Fi services. Our study will explore whether there are different initiatives playing a role in introducing municipal Wi-Fi according to the size of government body, and if there are, how local governments might be more effective in adopting different strategic measures that best fit their community needs.
Municipal business or public service? The quest for rationale
To provide advanced data communication services to their citizens, some local governments have provided fixed line broadband services, such as DSL or cable lines. These systems were found to involve too much sunken cost in providing adequate infrastructure for community-wide coverage. Wireless technology is an attractive alternative as an advanced data communication platform. Moreover, as wireless technology matures and advances in network architecture and design, transmission and security, and radio frequencies, it has become even more attractive . However, this enthusiastic movement of municipalities towards wireless broadband service still casts the question of motivation and its feasibility. Identifying proper initiatives is essential for communities to successfully adopt such services. Many industry groups and analysts argue that one of the important roles of local governments is to provide the accessibility for last-mile communication services by continuing the evolution of communication technology (Crandall and Jackson, 2001 ). This argument rationalises that advanced communication services will provide innovative practices in business, government, education, healthcare and daily life so that the local economy will be facilitated and attract more external investments. Hence, broadband wireless internet can strengthen economic development, foster digital development of citizens, and improve the efficiency of public services.
Wireless infrastructure has been treated as a part of public utilities in provisions of the Municipal Electric Utilities (MEU). Local governments have obligations to provide the utility for the community. Taylor and Webster (1996) expanded the traditional four public services requiring governmental support (need services, protective services, amenity services, and facility services) to include communication and utility services. Despite the absence of a concrete or precise definition, universalism or 'universal service' is one of the most frequently referred to principles of telecommunication policy. People view broadband internet service as a basic necessity based on public interest (Tapia et al., 2006) . In this regard, the initiatives of local governments may focus more on local governance issues involving wireless broadband service.
This alternative model for the widespread diffusion of wireless broadband networks has emerged during the last several years (Schmidt and Townsend, 2003) . Even though local governments that undertake city-wide Wi-Fi projects are willing to boost local economic development to serve underserved citizens, improve city services, and yield returns to the city treasury, the results have been disappointing .
System dynamics modelling

Limitation of various methods
Although numerous policy actors (e.g., analysts, research consultants, professors, planners, and scientists) have attempted to analyse policy-making decisions, public investment decisions continue to be difficult (Hayden, 2006) . Various methods such as cost-benefit analysis have been used to investigate and guide government investment decision-making. For instance, by comparing the costs of a proposed investment project and the benefits to be gained, cost-benefit analysis has been used for decisions involving the use of society's scarce resources (David, 1979) . However, many policy analysts have recently argued against using cost-benefit analysis because partial or approximate estimates of cost and benefit may be more dangerous than helpful (Choi and Juhn, 2002; Luken, 1985) . Many policy analysts frequently cannot estimate the complete monetary value of government projects, nor do they consider long-term behaviour of systems' economic feasibility and social impact (Kim et al., 2008) .
Because of these limitations of cost-benefit analysis, we will use a system dynamics simulation, examining monetary values (i.e., focusing on intangible benefits from municipal business) of government Wi-Fi projects as well as their long-term impact on economic feasibility and social aspects by comparing big cities (e.g., Minneapolis, Philadelphia and San Francisco) and small cities such as St. Cloud, Minnesota and Chaska, Florida.
System dynamics simulation
System Dynamics (SD) is a useful technique for understanding the long-term behaviour of a system's economic feasibility in policy-making processes facing scarce resources (Forrester, 1961) . A SD model can allow decision-makers to investigate the expected impact of various business decisions involving feedback relationships (Olson et al., 2007) . Models that disregard feedback are often inadequate to effectively evaluate situations involving high levels of subjective input. Lack of information about detailed relationships is often the case in decisions involving new technologies (such as Wi-Fi). Until such domains become stable to the point of allowing detailed statistical analysis, system dynamics models involving hypothesised assumptions can be valuable tools to demonstrate expected impact.
Therefore, SD simulation has been widely used in policy-making. SD has been applied to e-business (Croom and Johnston, 2003) , supply chain integration (Kumar and Yamaoka, 2006; Marquez et al., 2004) , enterprise architecture (Assimakopoulos and Riggas, 2006) , and telecommunications systems (Conrad et al., 2006; Lindmark et al., 2006) . Moreover, SD has been frequently used in political planning to evaluate and analyse interactions (Castillo and Saysel, 2005; Min et al., 2007; O'Regan and Moles, 2004; Pavlov et al., 2005; Powell and Coyle, 2005) .
Business models and cost/benefit for wireless deployment
In this section, we explore two broad questions about municipal Wi-Fi networks:
1 why does each city have a different business model (e.g., city-owned and operated, public-private nonprofit in partnership with a private company, and multiple private owners) 2 in spite of small populations, different market sizes, different approaches, and so on, why do even small cities have similar reasons for planning municipal Wi-Fi (e.g., efficiency in delivering public services, improvement of business infrastructure, and enhancement of city visitors) as do large cities?
According to many local governments' Wi-Fi business plans, local governments intend to use business models such as city-owned operations or public-private partnership operations with private companies (e.g., EarthLink in Philadelphia and Google and EarthLink in San Francisco) for successful deployment of municipal Wi-Fi networks. Table 1 presents a summary of business models for citywide wireless deployment. St. Cloud and Chaska chose to own the Wi-Fi network infrastructure, typically contracting with an equipment maker to install network equipment on city-owned sites. The public-private partnership operation makes sense if local governments are making agreements with one private company to build and own the network, while allowing the use of city-owned facilities such as antenna sites, light poles, and so on. On the other hand, public-private partnerships with multiple private firms make sense if local governments choose to deploy construction of Wi-Fi broadband networks by multiple players such as local Wi-Fi cooperatives, retail businesses, and for-profit network through providers (Bar and Park, 2006) . Table 1 also shows the city's role for citywide wireless deployment. For instance, in St. Cloud the city owns and operates its own network, with Hewlett-Packard serving as the contractor for ongoing operations of the system. In contrast to small cities, Minneapolis will pay US internet a minimum annual commitment of $1.25 million for ten years so that city facilities, police and fire emergency services can become anchor tenants on the wireless network. However, it can be argued that these four major target benefits are intangible in that it is difficult to determine the exact future benefits of the wireless broadband network business relying on such new technology. Therefore, SD analysis would be helpful for simulating the uncertain benefits of municipal wireless broadband network projects.
Causal-loop diagram of municipal wireless broadband
Based on the primary goals of wireless municipal broadband business plans, it can be assumed that cities and municipal governments not only expect to bring together wireless broadband users, city employees, residents, employers, and visitors, but also expect wireless technologies to bring more efficiency to government operations through seamless connectivity for residents and travellers, and to help bridge the digital divide in low-income and underserved neighbourhoods (City of San Francisco, 2007; City of Minneapolis, 2006; City of Philadelphia, 2005) . Given the primary goals of municipal wireless broadband network plans, these goals not only seem to be unidirectional relationships but also show only positive relationships to each other. Why are causal-loop diagrams useful in explaining municipal wireless broadband networks? Basically, a causal-loop diagram is a feedback structure that illustrates how complex environments behave over time (Goodman, 1989; Richardson and Pugh, 1989) . In explaining municipal wireless broadband network projects, the one directional relationship is no longer an exogenous concept. Furthermore, for policy purposes, especially with regard to municipal wireless broadband network projects, the system concept of negative and positive feedback is very important in that negative feedback is associated with self-regulation and goal-direction, positive feedback with growth and decay (DeGreene, 1973) . Therefore, with system concepts of negative and positive feedback, complicated components and values of municipal wireless broadband network projects can systematically be explained by causal-loop diagrams. Figure 1 indicates a structural causal-loop diagram considering the primary goals of municipal wireless broadband business plans, based on the business model of each city. 
Analysis of model implications
Structural model of municipal wireless broadband
To analyse intangible and anticipated benefits of municipal wireless broadband networks, we classified benefits into three categories (i.e., public service, local economic efficiency, and enhancement of local visitors). SD models allow researchers to enter reasonable scenarios as inputs to decisions and policies (Lyneis, 2000) .
Public service
According to the Wi-Fi business plans, all municipalities view wireless networks as a desirable city feature for stimulating public service. Several expected results were claimed (i.e., the rate of increase in population, change in the crime increase rate, rate of effective Wi-Fi use, and so on) in evaluating the effectiveness of city-wide Wi-Fi network for public service in municipal cities.
1 The number of crimes was applied for measuring public service. In our SD model of public safety, we assume that the initial crime number is 50 225 in metro cities and 751 in small cities respectively. We also assume that 1 is not effective and 1.3 is effective in estimating effectiveness of city-wide Wi-Fi implementation for public safety.
Figures 2, 3 and 4 show both structural models of the municipal wireless broadband network for public service and results of SD simulation based on the business plan for public service (i.e., number of crimes) respectively. The total period of public service analysis for the municipal wireless broadband network was 20 years. By comparing simulation results with and without the Wi-Fi effect on the number of crimes, it can be argued that municipal wireless broadband networks in both metro cities and small cities will be effective from public safety perspective.
Visitors
Based on the Wi-Fi business plans, all municipalities insist that the wireless network will serve as a desirable amenity of the city for stimulating visitors. In other words, city-wide broadband Wi-Fi implementation will be a primary amenity for increasing the number of visitors. In order to measure the effectiveness of city-wide broadband Wi-Fi for visitors, several factors were applied (i.e., number of visitors, number of attractive places, number of accommodations, effectiveness of Wi-Fi, and so on) to estimate the number of visitors to cities. 2 For instance, we assume that the number of visitors is 15 000 000 in metro cities and 40 000 in small cities in 2008. The initial numbers of visitors are average numbers. We also assume that 1 will not be effective and 1.3 will be effective in estimating effectiveness of city-wide Wi-Fi implementation for visitors. Figure 2 shows structural models of municipal wireless broadband networks for enhancing local visitors and Figures 5 and 6 present the results of system dynamics simulation based on business plans for public service. The time period of visitor analysis for municipal wireless broadband networks was 20 years. Based on the result of SD simulation shown in Figure 5 , if wireless broadband networks in metro cities are effective, the number of visitors will increase from 15 000 000 in 2008 to about 16 172 580 in 2028 and if they are not effective, the number of visitors will very gradually increase from 15 000 000 in 2008 to about 16 152 729 in 2028. Figure 6 shows that if municipal wireless broadband networks in small cities are effective, the number of visitors will increase from 40 000 in 2008 to about 40 578 in 2028 and if they are ineffective, the number of crimes also will increase from 40 000 in 2008 to about 40 249 in 2028.
By comparing simulation results with and without the Wi-Fi effect on the number of visitors in both metro cities and small cities, it can be argued that municipal wireless broadband networks will have an insignificant effect on the number of visitors. In other words, municipal Wi-Fi broadband networks are not an indispensable tool for drawing visitors' interests.
Economic promotions
Based on their Wi-Fi business plans, municipalities claim that economic promotion through improved business productivity is a primary benefit to be realised with city-wide broadband Wi-Fi. In our SD model of economic promotion, we assume productivity gained by Wi-Fi implementation is 100% in marginal profit increase and the inflation rate decreases to 2.5%. We also assume that the current state of the local economy is in the equilibrium condition which municipalities strive to achieve through Wi-Fi. For instance, local governments aim to serve their current populations, so a large increase of population may degrade the quality of Wi-Fi-service. Likewise, the number of businesses in the local market and the size of labour are assumed to be in an equilibrium state at the initial phase so that only change in those numbers would shift the condition. Figure 2 illustrates how and to what extent city-wide Wi-Fi service boosts the local economy by attracting both internal and external investments in conjunction with changes in population and number of local businesses. The rationale for including two other stock variables, population and the number of businesses, in the model is that these factors would interactively influence the income per capita, a core measure of economic improvement. That is, more investment would induce more businesses to the market and thus more jobs are created, which in turn raise the wage and income levels. Boosting wage and income levels will draw more people into the city and eventually it will degrade WiFi effectiveness, if not upgraded accordingly, and again will affect all other factors in the previous phase. Hence the model reflects circular feedback relationships as depicted in the casual-loop diagram.
The graphic result of the dynamic simulation is presented in Figure 7 . As the graph depicts, the effects of Wi-Fi implementation show greater impact on a metro city's income per capita over the 20 year period than on small cities. The per capita income for the metro area started at $24,583.33 3 and will reach $40,571.15 in 20 years, which represents a 65% increase whereas the income for small municipalities will rise only 13%, from $21,199 3 at the start to $24,011.06. In addition to presenting changes in income levels for both small and metro communities, we also comparatively examined how two other influential variables, population and the number of local businesses, would change over time. Figures 8 and 9 show the overall changes of the stock variables for a metro city and a small city, respectively. One notable difference between the two communities is the trend of population change. Whereas the population of the metro city increases steadily from 858 506 and finally stabilises at the level of 962 993, the small community experiences gradual loss in population from 22 664 to 14 711 over the 20 year period. Interestingly, despite the loss of population, the number of local businesses jumps from 300 to 313 within the first two years of simulation period and settles at that level. This may indicate that Wi-Fi efficiency replaces the needs for additional labour in businesses but the magnitude of its influence on income increase is almost outweighed by the loss of economic stimulants due to the population decrease. 
Discussion
The objective of this paper was to examine several relevant factors involved in municipalities' wireless broadband network services. In our study, we employed SD simulation which included municipalities' initiative factors that enabled them to engage in wireless broadband services. The findings of the study support the practical framework introduced in this study. Our main finding indicates that municipal wireless broadband networks play a crucial role in increasing public safety, especially by decreasing the number of crimes. The simulation findings on public service demonstrate that Wi-Fi broadband networks would result in a significant service improvement by providing public law enforcement officers with mobile access to suspects' criminal records and incident reports, and by providing emergency healthcare providers with mobile access to critical medical records in both large metropolitan cities and small cities (e.g., Corpus Christi Wi-Fi project, 2006) .
Municipal wireless broadband services are not effective in terms of stimulating visitors' interests in either large or small cities. Given the simulation results, there hardly seems to be a relationship between effectiveness of city-wide Wi-Fi services and a city's tourism attractiveness. The multiplication factor that we relied on from prior research was not large enough to make a conspicuous difference in the number of visitors attracted by small cities. It can be argued that city-wide Wi-Fi services do not play a large role in attracting tourists because many hotels and other local businesses such as coffeehouses already provide Wi-Fi services to visitors today without any additional charges.
Finally, we showed that while municipal wireless broadband services can be expected to have a great impact on a metro city's economic promotion, small cities can seldom expect economic promotion from Wi-Fi implementation. According to the simulation results, because economic impact is significantly related to population size, it will be difficult for small cities to expect desirable Wi-Fi effects.
As with any empirical study, our study is characterised by certain key limitations that must be evaluated before discussing implications. Unlike the free market where individuals pursue their own welfare by exchanging things with others, decisions involving municipalisation of wireless broadband network services should be made in a series of well-defined steps as:
Step 1 identify objectives
Step 2 identify alternative courses of action for achieving objectives
Step 3 predict the possible consequences of each alternative
Step 4 evaluate the possible consequences of each alternative
Step 5 select the alternative that maximises the attainment of objectives (Stone, 2002) . Thus, many cities or counties are more likely to benchmark other cities or counties that have previously conducted municipal Wi-Fi businesses. To reduce undesirable outcomes, we could have taken into account more diverse factors and discussed their overall effects. For instance, in order to analyse how much municipal Wi-Fi projects would impact public services, we could have investigated other potentially influential factors (e.g., education, human capital, and so on) related to the effect of Wi-Fi implementation. However, we only used one sample that was characterised by prior experience of public safety. Additional research is needed to gain further insight into potential enhancements and additional factors associated with the effect of Wi-Fi broadband network services.
Conclusions and implications
Municipal electric utilities have increasingly expanded into telecommunication services for strengthening local economic development, promoting digital inclusion, and improving the efficiency of government services. As a telecommunication service, wireless broadband service has grown rapidly as many local governments found it attractive for purposes of community development. However, the dilemma that these entities face is that while broadband wireless service can be provided by the market, this would involve little control nor guarantee that adequate, affordable coverage will be provided to all elements of the community. The other extreme is government sponsored service, but this requires a significant amount of investment on the part of local government entities.
In this study, we ran SD simulation to examine potential impacts of municipal Wi-Fi projects, comparing between metropolitan cities and small cities, on such factors as the local economy, public service focusing on safety, and attracting tourists. According to the simulation results for public services, while affordable access to the wireless broadband network in both metro and small cities does not affect the number of visitors, it can improve public services or safety in both government entities, and also improve the local economy, measured by income per capita, only in metro cities.
The overall simulation results suggest that despite the importance of Wi-Fi as a potential source of new telecommunications service, different communities can expect different impacts. For metropolitan cities, the chance of successful implementation of Wi-Fi is relatively high. However, in small communities, a similar Wi-Fi deployment plan is less likely to achieve multiple goals. Instead of simply following the plans of other communities, smaller cities would be well advised to narrow down their goals to one or two specific priorities, such as public sector improvements. In this case, the motivation should not be on economic promotion through city-wide wireless broadband services, but rather strategically deploying Wi-Fi networks for providing quality public service to the local community. SD modelling can reveal the expected impacts of the project over time. The model incorporates the decision-maker's assumptions of relationships among the variables and complex interdependencies to predict project outcomes.
Our findings provide significant managerial insights, which can be focused on general managerial implications related to the municipal provision of wireless service. Many countries in the world (e.g., Spain) are quite enthusiastic about providing wireless broadband networks to their communities as well. The US cases examined in this study could provide some valuable insights about municipal provision of wireless service, such as why these cities attempt to launch Wi-Fi despite many uncertainties surrounding the project. It should be noted that many local governments seek not only economic benefits from the Wi-Fi business but also other intangible benefits such as human capital improvement. An important future research area of the authors is to study the basic motivation for launching wireless broadband services by local governments in different countries.
